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Supplementary Figure 1: Purification of LRRK1. A) 4-12% SDS-PAGE gels showing LRRK1 purity
following, i) Flag-affinity purification and ii) gel filtration chromatography on a Superose 6
Increase 10/30 gel filtration chromatography column. B) Gel filtration chromatogram following
Flag-affinity chromatography. Peaks corresponding to the void volume, high-molecular weight
oligomers, dimers and monomers are indicated. Results are representative of multiple
purifications conducted over the course of the structure-solution process. C) Western blot
showing phosphorylation of the LRRK1 substrate Rab7A by the purified LRRK1. Results are
representative of multiple assays conducted to confirm the LRRK1 kinase activity of the purified
protein over the course of the structure-solution process. D) Complete membrane images for
the Western blots shown in Supplementary Figure 1C.
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Supplementary Figure 2: Cryo-EM data collection and processing for LRRK1. A) Representative
2D class averages for data collected from LRRK1 monomer grids. B) Representative 2D class
averages for data collected from LRRK1 dimer grids. Representative 2D classes used for the
reconstruction of the initial LRRK1 dimer volume are indicated with an asterisk. C) Summary of
cryo-EM 3D reconstruction and refinement.
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Supplementary Figure 3: Cryo-EM resolution estimation for the LRRK1 monomer. A) Local
resolution maps for i) the global non-uniform refinement map, ii) the local refinement map for
the RCKW domains. B) Gold-standard Fourier shell correlation (FSC) curves for, i) the global
non-uniform refinement map, ii) the local refinement map. C) Map-model FSC curve. D)
Viewing direction distribution for the global non-uniform refinement map. E) Representative
density for the, i) kinase aC helix, ii) a B-sheet in the WD40 domain, iii) a B sheet in the Roc
domain.
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Supplementary Figure 4: Cryo-EM analysis of the LRRK1 dimer. A) Gold-standard FSC curve. B)
Viewing direction distribution for the global non-uniform refinement map. C) Additional density
observed above the kinase domain, assigned to the ankyrin repeats from the opposing
molecule in the dimer. D) Comparison of the i), LRRK1 and ii), LRRK2 dimers. E) Comparison of
the position of the kinase domain in the i), LRRK1 and ii), LRRK2 dimers.
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Supplementary Figure 5: The nucleotide state of the Roc domain. A) shows an overlay of the
LRRK1 Roc domain with the Roc domain from i) LRRK2, bound to GDP (PDB: 7HLW?), ii) the
small GTPase Rab8 bound to GDP (PDB: 4LHV?) and Rab8 bound to GppNHP (PDB: 4LHW),
showing that the Switch-l1 motif in LRRK1 adopts a position consistent with GDP binding. B) i)
Density supporting the position of GDP, the Switch-I motif and nearby residues, ii) Density
supporting GDP.
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Supplementary Figure 6: Comparison of the aC helix from LRRK1 with other protein kinases.
Alongside LRRK1, the aC helix from LRRK2 (PDB: 7LHW?), BRAF (PDB: 7MFD?3), JAK1 (PDB:
6C7Y%), BTK (PDB: 1K2P>), PKA (PDB: 2CPK®), INK3 (PDB: 1JNK’), CDK (PDB: 1FIN®), Aurora-A

kinase (PDB: 1MQ4°) and PKCB2 (PDB: 3PFQ2?). Each aC helix is shown on the same scale,
indicating that the LRRK1 helix is atypically long.
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Supplementary Figure 7: Representative cropped membrane images for LRRK1 kinase assays.
A-C) Related to Figure 4A, showing representative data for the results presented in this figure
panel. D) Related to Figure 5A, showing representative data for the results presented in this
figure panel. E) Related to Figure 6A, showing representative data for the results presented in
this figure panel. For uncropped blot images, see Supplementary Figure 8 and Supplementary
Figure 9.
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Supplementary Figure 8: Uncropped Western blot membrane images for, A) the results
presented in Supplementary Figure 7A, B) the results presented in Supplementary Figure 7B, C)

the results presented in Supplementary Figure 7C, D) the results presented in Supplementary
Figure 7D.
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Supplementary Figure 9: Uncropped Western blot membrane images for the results presented
in Supplementary Figure 7E.
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Supplementary Figure 10: Thermal stability of LRRK1 variants. A) Melting temperature (Tw) for

the LRRK1 variants, measured using a Nanotemper Nano-DSF instrument. Error bars shown are

mean = SEM, n = 2-8 independent experiments. B) Melting temperature relative to WT LRRK1.

Source data is provided in the source data file.
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Supplementary Figure 11: Density for the loop in the COR-B domain which is phosphorylated
by PKC. Contouring the density at a low level suggests that the loop continues past the aC helix
and towards the kinase N-lobe.
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Uncropped Western blot membrane images for the results

Supplementary Figure 12
presented in Figure 7A.
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Supplementary Figure 13: The LRRK1 C-terminal helix. A) The structure of LRRK1 with the C-
terminal helix indicated, i) the overall structure of LRRK1, ii) detail of the kinase C-
lobe/WD40/C-terminal helix interface, highlighting the additional helix contributed to the
kinase C-lobe fold contributed by the C-terminal helix. The area inside the dashed box is

highlighted in B). B) Detail of the cryo-EM density, showing the position of W1989, the deletion
of which causes OSMD.



Supplementary Table 1: Cryo-EM data collection, 3D reconstruction and model building

statistics.

LRRK1 monomer

LRRK1 C-terminus
(LRRs subtracted,
local refinement)

LRRK1 dimer

Data collection and image processing

Microscope Talos Arctica
Camera K3
Magnification 100,000
Electron energy (kV) 200
Electron exposure (e’/A?) 50
Defocus range (um) 0.8-2.5
Physical pixel size 0.81

Total number of
micrographs

32,157 (22,865 from monomer grids, 9,992 from dimer grids)

Selected micrographs

26,686 (18,074 from monomer grids, 8,612 from dimer grids)

Initial particle images 4,687,663

Final particle images 183,273 55,178
Starting model De novo De novo
Map resolution 3.92 3.78 6.38
FSC threshold 0.132 0.132 0.132
Sharpening B factor (A2) 129.2 104.3 402.9
EMDB code EMD-28949 EMD-28951 EMD-28952

Model building and refinement

Initial models used

AF-Q38SD2-F1

Map used for refinement

Composite map, EMD-28950

(outliers >40)

Model resolution 4.2
FSC threshold 0.5
Model composition

Non-hydrogen atoms 10955

Amino acid residues 1377

Protein molecules 1
Real-space correlation

CCvolume 0.70

CCmask 0.73
Mean B factor (A2?) 66.09
RMS deviations

Bond lengths (A) 0.002 (0)

(outliers >40)

Bond angles (°) 0.620 (1)




Validation

MOLProbity score 2.06
Clashscore 12.07
Rotamer outliers (%) 0.00
CaBLAM outliers (%) 4.60
CB outliers (%) 0.00
Ramachandran plot
Favored (%) 92.54
Allowed (%) 7.46
Outliers (%) 0.00

PDB code

8FAC
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